Abstract Bovine babesiosis is an important tick-borne disease caused by the parasites belonging to the genus Babesia, distributed worldwide and infecting a wide range of domesticated and wild cattle, occasionally man. The present study was conducted to determine the prevalence of B. bigemina infection in apparently healthy cattle from central plain zone of Punjab, India. Examination of Giemsa-stained peripheral thin blood smears revealed 2.45 % (5/204) animals to be positive for piroplasms of B. bigemina. However, genomic DNA isolated from these blood samples when subjected to primary PCR revealed a positivity of 7.35 % (15/204) as detected by the amplification of a 278-bp product in the agarose gel. PCR products obtained from the primary PCR of B. bigemina, when employed as template in nested PCR produced the amplicons of desired size (170 bp) was detected in 30.39 % (62/ 204) of the samples. It can thus be concluded that B. bigemina infection is prevalent in apparently healthy cattle population of this region and PCR assays can serve as a valuable tool for epidemiological studies in endemic areas.
Introduction
Bovine babesiosis is an important intra-erythrocytic apicomplexan tick-borne haemoprotozoan disease caused by the parasites of the genus Babesia, distributed worldwide, infecting a wide range of domesticated and wild cattle, occasionally man (McCrosker 1981) . Among various species, B. bigemina is the most common species infecting cattle in tropical and sub-tropical regions of the world including Indian subcontinent. The parasite is transmitted transovarially by the larval stages of Rhipicephalus (Boophilus) microplus ticks (Chauvin et al. 2009 ). Losses due to babesiosis to the livestock industry are enormous and are incurred from mortality, ill-thrift, loss of milk/meat production, draft power, cost on control measures, and also through its impact on international cattle trade (Bock et al. 2004) . India suffers losses of about 57.2 million US dollars annually due to impact of babesiosis and anaplasmosis on livestock and its control (McLeod and Kristjanson 1999) . Further, with the recent reports of replacement of multihost tick (Hyalomma anatolicum anatolicum) by one host tick (R. (B.) microplus) in dairy animals of Punjab state, there is an increased concern over the diseases transmitted by the one host tick especially B. babesiosis and anaplasmosis .
Diagnosis of bovine babesiosis by microscopy still remains the ''gold standard'' but lacks sensitivity (Bose et al.1995) . Alternative diagnostic approaches like indirect fluorescent antibody test (IFAT) and enzyme-linked immunosorbent assay (ELISA) are capable of detecting the antibody in carrier animals but suffer serious drawbacks of cross-reaction between B. bigemina and B. bovis and the lack of discrimination between previous exposure and current infections (Wagner et al. 1992) . However, recently a number of molecular techniques have been described that can detect and differentiate various species of Babesia in carrier animals (Oliveira et al. 2005; Buling et al. 2007; Ravindran et al. 2008; Singh et al. 2010) . The application of PCR-based assays for epidemiological studies of babesiosis is still incipient, but its characteristics of high sensitivity and specificity have been verified by several authors for the detection of infection (Almeria et al. 2001; Oliveira et al. 2005; Ravindran et al. 2008; Singh et al. 2010) . Nested PCR based studies to ascertain the status of babesiosis in healthy carrier animals exhibiting low parasitaemia has not been carried yet, especially from this part of the country. Therefore, the present study was planned to study the prevalence of B. bigemina infection in apparently healthy cattle from central plain zone of Punjab by employing both conventional and molecular techniques.
Materials and methods

Geographical area
The study was conducted from central plain zone of Punjab state covering an area of 18,000 km 2 and comprising of 8 districts viz: Amritsar, Tarn Taran, Kapurthala, Jalandhar, Ludhiana, Fatehgarh Sahib, Sangrur and Patiala. The climate of the region is subtropical, the annual rainfall is 500-800 mm and average maximum and minimum temperatures are 41-42°C and 4-7°C, respectively. These climatic conditions provide favourable and conducive environment for the optimal development and propagation of the vector ticks involved in the transmission of various haemoprotozoan diseases. The major tick species reported infesting cross bred cattle from central plain zone of Punjab state are R. (B.) microplus and H. a. anatolicum (Haque et al. 2011; .
Sample collection
Blood samples (n = 204) were collected from apparently healthy cattle from district Amritsar (18), Tarn Taran (14), Kapurthala (21), Jalandhar (37), Ludhiana (45), Fatehgarh Sahib (12), Sangrur (30) and Patiala (27) from June, 2011 to May, 2013 aseptically in a vacutainer containing 3.2 % sodium citrate as anticoagulant. From the blood samples of all the selected animals, peripheral thin blood smears were made directly after ear puncture, air dried, fixed in methyl alcohol for 2 min and brought to laboratory for further processing. Staining of fixed smears was done with working dilution of 10 % Giemsa stain for 30 min. The smears were then washed with tap water to remove extra stain, air dried and examined under oil immersion for demonstration of Babesia piroplasms, if any. The blood samples were further stored at -20°C for DNA extraction.
Genomic DNA isolation
For conducting the PCR assay, whole-genomic DNA was isolated from blood sample using QIAamp Ò DNA blood mini kit (QIAGEN, GmbH, Germany) following the manufacturer's recommendations with minor modifications as per Singh et al. (2012a) . In brief, approximately 200 ll of the blood sample was mixed with 25 ll of proteinase-K and 200 ll of lysis buffer in a 2.0 ml microcentrifuge tube. The homogenous suspension was thoroughly vortexed and incubated at 56°C for 15 min and then centrifuged for 30 s at 5,000 rpm. Subsequently, 200 ll of ethanol was added to the lysate and again vortexed. The mixture was then applied to QIAamp spin column and centrifuged at 8,000 rpm for 1.5 min. Thereafter, two washings were given with wash buffers and DNA was eluted in 150 ll of elution buffer and stored at -20°C till further use. Genomic DNA of B. bigemina was isolated from infected blood showing high parasitaemia in Giemsa stained blood smear examination and utilized as positive control. Genomic DNA was also isolated from the whole blood of infection-free, 3-day-old bovine calf and used as a negative control.
PCR assays
The primary and nested PCR assays were carried out using the sequences of oligonucleotide primers specific for B. bigemina as described by Figueroa et al. (1992) . Two rounds of PCR in a final volume of 25 ll were carried out in a PCR thermal cycler (Eppendorf, Germany). In the primary PCR assay, the master solution consisted of 2.5 ll of 109 PCR buffer (MBI Fermentas), 0.5 ll of 10 mM dNTP mix (MBI Fermentas), 2.0 ll of 25 mM MgCl 2 (MBI Fermentas), 1.0 U of recombinant Taq DNA polymerase (MBI Fermentas), 1 ll each (15 pmol) of the external forward and external reverse primers and 5 ll of template DNA isolated from field samples. The volume was made up to 25 ll with nuclease-free water. The cycling conditions were as: Initial denaturation at 94°C for 5 min, 37 cycles of denaturation at 94°C for 1 min, annealing at 59°C for 1 min, and extension at 72°C for 1 min, and the final extension was performed at 72°C for 10 min. In order to carry out the nested PCR, the PCR conditions were the same as described above, but instead of template DNA, 1 ll of the primary PCR product was used as template and amplified with 15 pmol, each of the internal forward and the internal reverse primers and annealing temperature was kept at 70°C. The PCR products (primary as well as nested) were checked for amplification by electrophoresis on a 1.5 % agarose gel and visualized using gel documentation system (Syngene, UK). In order to check the specificity of the assay, genomic DNA of Theileria annulata, Anaplasma marginale and Trypanosoma evansi isolated from the microscopically positive cases by standard protocols were also employed in the PCR to see the amplification, if any. The results of PCR assay were compared with that of Giemsa-stained blood smear examination.
Statistical analysis
Statistical analysis was performed on data by SPSS 13.0 software by applying Chi Square test.
Results
Examination of Giemsa-stained peripheral thin blood smears of apparently healthy cattle from central plain zone of Punjab state revealed 2.45 % (5/204) animals positive for piroplasms of B. bigemina (Fig. 1) . Further, in order to assess the true status of B. bigemina infection in apparently healthy cattle, all the samples were analysed initially by primary PCR followed by nested PCR, to detect any amplification in the form of ethidium bromide-stained amplicons, after standardization of the assays. Of the total samples subjected to primary PCR, 7.35 % (15/204) were found to be positive for B. bigemina infection as revealed by the amplification of a 278-bp product (Fig. 2) . PCR products obtained from the primary PCR of B. bigemina, when employed as template in nested PCR produced the amplicons of desired size (170 bp) was observed in 30.39 % (62/204) of the samples (Fig. 3) . This validates that nested PCR, when coupled with primary PCR, results in increased sensitivity of the assay, as the products from the primary PCR (47 samples) that were not visualized in the ethidium bromide-stained agarose gel electrophoresis, when subjected to nested PCR, could be detected. Regarding sensitivity of nested PCR, it was observed that amplification was achieved even from those primary PCR products that could not be visualized on agarose gel electrophoresis. The PCR primers used in the present assay did not amplify any product when the genomic DNA of T. annulata, A. marginale and T. evansi were used as template revealing the specificity of these primers for detection of B. bigemina infections in carrier cattle.
Discussion
Results obtained by blood smear examination in the present study reveal a low prevalence rate (2.45 %) of B.
babesiosis which corroborates with the findings of Singh et al. (2012b) who reported a 1.56 % prevalence of babesiosis in cattle from the same region and Muraleedharan et al. (2005) who recorded 2.19 % prevalence from Karnataka state. However, Aulakh et al. (2005) reported a much higher infection rate of 8.33 % in cattle of Punjab using blood smear examination which was probably due the fact that the samples utilized in the study were taken from animals suspected for babesiosis and showing clinical signs of persistent fever. Further, variable incidence rates of babesiosis ranging from 0.76 to 18.50 % had been reported from various parts of the country (Yadav et al. Mallick et al. 1987; Sharma et al. 2000) . Results of current study show a low level of piroplasms in the peripheral blood indicating the carrier status of the animals examined. Such carrier animals are poor in productivity leading to huge economic losses to the livestock owners and also act as important contributors to transmission of disease to susceptible animals through vector ticks. Thus, detection of infection in such carrier animals becomes an important epidemiological parameter and would be of utmost help in designing better and effective control strategies against the disease (d 'Oliveira et al. 1995) .
PCR based assay for sensitive diagnosis of B. babesiosis has been attempted by many workers with high degree of sensitivity and specificity worldwide (Fahrimal et al. 1992; Salem 1998; Smeenk et al. 2000; Santana et al. 2001; Linhares et al. 2002; Silva et al. 2009; Brito et al. 2010; Shams et al. 2013) . A PCR based assay for sensitive detection of B. bigemina was originally described by Figueroa et al. (1992) , targeting 278 bp fragment specific of parasite DNA. Recently, in similar study 34 % infection rate of B. bigemina has been reported in clinically healthy animals from different districts from Central and Southern regions of Portugal (Silva et al. 2009 ). However, a comparatively higher prevalence of B. babesiosis has been reported from various regions viz: Pakistan (29 %) by Chaudhry et al. (2010) , Zimbabwe (35 %) by Smeenk et al. (2000) using PCR assays. A very high sensitivity of PCR/ nPCR for the detection of B. bigemina was reported by Oliveira et al. (2005) in both cattle and R. microplus and Silva et al. (2009) in cattle. In India, only few reports employing PCR based assay to know the status of the disease are available from different areas of the country (Ravindran et al. 2002; Singh et al. 2007 Nair et al. 2011) .
In principle, the occurrence of B. bigemina in cattle is largely dependent on the distribution of tick vectors (de Vos 1979) . Recent studies on epidemiology and distribution of tick species in Punjab showed R. microplus to be the predominant tick which is responsible for transmission of B. bigemina in cattle and buffaloes (Haque et al. 2011; . Also, a high degree of sero-prevalence (59.47 %) has been reported using IFAT in female cattle of Ludhiana district of Punjab (Singh et al. 2007 ). Therefore, owing to the higher sensitivity of nested PCR (Oliveira et al. 2005 ) and abundance of specific vector, higher prevalence value of B. bigemina infection in the cattle of Punjab is not surprising. B. bigemina is protozoa of major concern in Indian cattle herds, parasitizing both cattle and buffaloes (Muraleedharan et al. 1984) . Further, buffaloes might serve as reservoirs for the infections of cattle, since they are together in the dairy farms and continue to infect the tick vector (Bock et al. 2004) .
Although, microscopic techniques are best suited to diagnose acute babesiosis but has limited application for detection of the parasite in carrier animals recovering from acute condition and exhibiting low parasite numbers in the peripheral blood. The higher sensitivity of PCR-based techniques compared to other diagnostic techniques, for the diagnosis of Babesia species has been reported by different workers (reviewed by Sparagano 1999) . In the present study, the PCR assays revealed significantly higher sensitivity in detection of babesiosis in apparently healthy cattle than the microscopic examination (62 animals for nested PCR and 15 for primary PCR versus 5, respectively, p \ 0.01).
It can hence be concluded that B. bigemina is highly prevalent in apparently healthy cattle of this region thus indicating an endemic situation in the region. The nested PCR assay can detect B. bigemina infection even at low parasitemia routinely exhibited in apparently healthy animals and can serve as a valuable tool under field conditions.
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